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FOREWORD 

Sikorsky Aircraft has been conducting a study of finite element modeling of helicopter air- 
frames to improve the prediction of vibration levels. This work is being performed under U.S. 
Government Contract NASI -17499. The contract is monitored by the NASA Langley Re- 
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The NASA Langley Research Center is sponsoring a rotorcraft structural dynamics program 
with the overall objective to establish in the United States a superior capability to utilize finite 
element analysis models for calculations to support industrial design of helicopter airframe 
structures. Viewed as a whole, the program is planned to include efforts by NASA, Universities, 
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effort, and contains the modifications made to the airframe structure for the External Stores 
Support System (ESSS). However, the ESSS wings will not be included in the current study. 
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MODELING PLAN OBJECTIVES 
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UH-60A VEHICLE DESCRIPTION 
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UH-60A OVERALL DIMENSIONS 
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UH-60A GENERAL ARRANGEMENT 
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UH-60A AIRFRAME SECTIONS AND 
MANUFACTURING SPLICES 
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UH-60A TRANSITION SECTION 
Structural Arrangement 
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The tailcone extends from the manufacturing splice at Station 12.32 m (485 in.) to the tail 
rotor pylon fold joint at Station 16.45 (648 in.). The tail rotor drive shaft is located on the 
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UH-60A TAIL ROTOR PYLON AND STABILATOR 
INSTALLATIONS 
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The stabilator consists of a leading edge, center structural box, and trailing edge. The 
leading edge is of sandwich construction with a honeycomb core and fiberglass skins. 
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UH-60A POWER AND DRIVE TRAIN SYSTEMS 
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UH-60A MAIN TRANSMISSION SUPPORT STRUCTURE 
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FWD SUPPORT TUBE/ENGINE 
OUTPUT SHAFT 
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UH-60A MAIN LANDING GEAR 
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The two fuel cells are situated symmetrically about BL 0.0, below WL 6.05 m (238 in.), and 
extend between the bulkheads at Stations 10.11 m (398 in.) and 11.26 m (443.5 in.). Pres* 
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To this model is added a set of RBE3 cards which define a transformation from 
mass c.g. d.o.f. to structural d.o.f. The final NASTRAN mass model is thus defined 
in terms of the FEM structural d.o.f. 
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VIBRATION MODELING 

Changes from Static to Vibration Finite Element Model 
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VIBRATION MODELING GUIDES 
Generalized Dynamic Reduction 


Q) ■ m 

o ^ w ® 

| cS | 

Sff* 

r T3 — i. 
~ O >. © 

4) £ A A 

g ©-o E 

3 C 0) 3 

C c 

© <D ■— 

*“ -a jS o> 

O O £3 £ 

;eo« 

© *0 £ ® 
© © © E 
E ^ ~ 

3 o io 
to •— 

© -E — 
© 5 


w 


w 

c 

© 

© 

o 


■O 

o 

5 c © 

m (0 Q) 

E ® © 

C « E_ 
"jEco 
o^o «, 

3 © ts © 

■g '© 2 TO 
£ >».g g 

0 ©> E 

£ «£ ® 

© (0 © <0 
E -o E E 
TJ 2 * X 

T3 ^ 2 2 
© © a. q, 

N t Q. Q, 

rz O © © 

© M— _ 

*r - © H- 

© E J= O 

©■§©©. 

® O © £ TJ 

■o © "o e © 

«iO§k 
~ h- 2 c ® 

V S *o © -o 

1 © © j- 

O ® CU » 

« © C •“ © 

^ D • T3 

© o>© c g 
£ © © o 2 

h- T3 « £: c 


CJ 

o 



VIBRATION MODELING 

Generalized Dynamic Reduction 
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The columns of [G]: 

- Approximate the lower modes of the structure 

- Are obtained by inverse iteration 

- Are equal in number to 1 .5 x (number of accurate modes desired) 
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Rigid Body Checks 
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Static Internal Loads 
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STATIC MODELING SCHEDULE - PROJECTED 
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MASS MODELING SCHEDULE - PROJECTED 
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VIBRATION MODELING SCHEDULE - PROJECTED 
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This section contains a description of the UH-60A NASTRAN model developed during 
this task. It also illustrates the extent that the modeling guides given in Section 4.0 were 
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Element Type Changes For Correlation Study 
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BLACK HAWK WEIGHT AND INERTIA 


2 . Ej 

_ H- — O 

,5 2 Or O 

I O«C0 O 
«U) <0 

</) CO CO w O 
- - £ 2>? 


^ .2 


_ a 

rr " <D +* 

< ..= CD CO 

i og««« 

Ss=f 23 

<r ^ <i> o ^ 

J®£«»0 

m c ** o — ' c 

“ — h— r ^ Q. 
O ^ 

_ CO Q) 

cog »So 
g - in £ o» | 

^ ® o?° w 

Q. 5 _ -C CM 0) 
O <D £ *2* >»t* 

£ > 5 -Q ® 
<® £ -o£ 

■5 c 2 ■*= ° E 

Z «i n r 3 


C TJ 
O 


fl> 

.c 


~ q- 2 


<D o 4S 

« 2 m 

“ (0 ® P 

W Q v - 

- r5« 

£ Sr ®£ 

5 .SP*- £ £ 

£ *- .2 £ <o 

§f|lt 
® >.|f i 
lfS*s 

■° E <5 .E .O) 

*£ CO 1 

© 5 


CO 


C o>® ffl ® 

f | g -q ~ 

g £2 5 2 .1 

e §2 o s 

« ^ 3 .E "O 
w ' o 5 « 

2 oo co E £ 


• 

VO 

t— I 

C\J 


MASS MODELING 

Black Hawk Weight And Inertia 
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MASS MODELING 

CENTER-OF-GRAVITY GRID POINTS FOR DISTRIBUTED-MASS REGIONS 
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DEMONSTRATION CASES 

Static Internal Loads 
Displacement And Element Force Output 
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DEMONSTRATION CASES 
STATIC INTERNAL LOADS 
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DEMONSTRATION CASES 

Static Internal Loads 
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DEMONSTRATION CASES 
MODAL ANALYSIS - NATURAL FREQUENCIES 
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DEMONSTRATION CASES 

Modal Analysis - Natural Frequencies 
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DEMONSTRATION CASES 
MODAL ANALYSIS - MODE SHAPES 
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DEMONSTRATION CASES 
FORCED VIBRATION - ACCELERATION VECTOR 
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SECTION 5.6 

PARISON OF PROJECTED 



STATIC MODELING SCHEDULE 
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STATIC MODELING SCHEDULE 
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MASS MODELING SCHEDULE 
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VIBRATION MODELING SCHEDULE 
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